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3. (amended) Apparatus for measuring displacement according 
to Claim 1[ or 2], wherein: 

each optical axis of the plural condenser lenses is mutually 
parallel; and 

the plural condenser lenses are arranged in parallel in a 
position apart by the focal length from the irradiation point in a 
line orthogonal to each optical axis and form the lens array. 

4. (amended) Apparatus for measuring displacement according 
to [any of Claims] Claim 1 [to 3], wherein: 

relationship in arrangement among the lens array, the imaging 
lens and the light receiving element is expressed by an expression 0 
< (f2/fl) -t < w. 

However, w means the light receiving width parallel with the 
direction of a scan of the light receiving plane, t means the width 
parallel with the direction of a scan of each condenser lens, fl 
means the focal length of the condenser lens and f2 means the focal 
length of the imaging lens. 

5. (Amended) Apparatus for measuring displacement according 
to [any of Claims] Claim 1 [to 4], wherein: 

the projecting means makes the scanned radiated light 
vertically incident on the surface of the measuring object to form an 
irradiation point; and 

a pair of light receiving means are provided at equal distance 
from the irradiation point in symmetrical positions from the optical 
path plane of the scanned radiated light. 
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from the irradiation point in symmetrical positions from the optical 
path plane of the scanned radiated light. 
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APPARATUS AND METHOD \ 
FOR MEASURING DISPLACEMENT 




\ 



BACKGROUND OF THE INVENTION AND 



RELATED ART STATEMENT 



[0001] 



The present invention relates to apparatus and 



method for measuring displacement for measuring the 
displacement amount of a surface of a measuring object without 
contact by scanning an irradiation point formed by light 
radiated onto the surface of the measuring object at a fixed 
interval utilizing triangulation by light. Particularly, the 
present invention relates to apparatus and method for 
measuring displacement for enhancing displacement detection 
precision and a measurement rate using a lens array. The 
present invention also relates to apparatus and method for 
measuring displacement that enables precisely acquiring the 
amount of displacement by correcting an error due to the 
dispersion of a position and a direction in which a lens array is 
installed and the focal length. 

[0002] In case the displacement (irregularities) in the height 
of a surface of a measuring object is (are) measured using light, 
an apparatus for measuring displacement depending upon 
triangulation is used. In the apparatus for measuring 
displacement, a laser beam is radiated on the surface of a 
measuring object 52 from a projector 51 as shown in Fig. 20 and 
an image K at an irradiation point P is imaged on the light 
receiving plane of a light receiving element 54 through an 
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imaging lens 53. 

[0003] This light receiving element 54 outputs a signal 
corresponding to the amount of displacement in which an image 
formation point on the light receiving plane moves from the 

5 position of K to K' or K". The light receiving element 54 is 
arranged to tilt for the optical axis of the imaging lens 53 as 
shown in Fig. 20. The light receiving element 54 enables 
imaging in any position on the light receiving plane. 
[0004] In this apparatus for measuring displacement, the 

10 irradiation point P moves in the direction of the height because 
of irregularities (displacement) on the surface of the measuring 
object 52 to be an irradiation point P' or P". Hereby, an image 
formation point K on the light receiving plane of the hght 
receiving element 54 moves to the position of an image 

15 formation point K' or K". A signal from the light receiving 
element 54 also changes according to the amount of 
displacement of the image formation point K. The 
displacement in the height of the surface of the measuring object 
can be detected based upon the amount of the change of the 

20 signal. 

[0005] The above-mentioned apparatus for measuring 

displacement is provided with a mechanism for relatively 
displacing the measuring object 52 to the direction of the x-axis 
and the direction of the yaxis respectively orthogonal to the 
25 direction of the height. This mechanism is a low-speed 
mechanism normally driven by a motor and others. Therefore, 
when the measurement in minute pitch of the whole surface of 
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the measuring object 52 is tried, it takes very long time. 
[0006] Therefore, recently, the displacement of a measuring 
object 70 can be measured by only displacement in only the 
direction of the yaxis using scanning-type apparatus for 
5 measuring displacement 60 shown in Fig. 21. Fig. 21 is a 
schematic perspective view showing the scanning -type 
apparatus for measuring displacement 60. 

[0007] A projecting system of the scanning-type apparatus 
for measuring displacement 60 is composed of a light source 61, 

10 a deflector 62 such as an oscillating mirror type and a 
convergent lens 63. Light radiated from the light source 61 is 
deflected in a range of fixed angles by the deflector 62. The 
deflected radiated light goes on one plane parallel with the 
optical axis of the convergent lens 63. The radiated light is 

15 incident on the surface 70a of the measuring object 70 set on a 
measuring table 71 at a predetermined angle of incidence. An 
irradiation point P formed by the radiated light is linearly 
scanned on both ways or on one way. 

[0008] The radiated light is regularly reflected in the 
2 0 position of the irradiation point P on a light receiving system. 
An image of the irradiation point P is imaged on a light 
receiving plane 66a of a light receiving element 66 via a first 
cylindrical lens 64 and a second cylindrical lens 65. In this 
apparatus for measuring displacement 60, in case the 
25 reflectance of the surface 70a of the measuring object is high as 
that of a mirror, most of light reflected at the irradiation point P 
is incident on the light receiving system at the same angle as the 
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angle of incidence based upon the irradiation point P. 
[0009] However, in case the surface 70a of the measuring 
object is rough, the reflectance is low. In this case, the 
conventional scanning-type apparatus for measuring 
5 displacement 60 using the cylindrical lenses 64 and 65 for the 
light receiving system has a problem that when reflected light 
from the irradiation point P is scattered and is imaged on the 
light receiving plane 66a, an image on the light receiving plane 
66a of the light receiving element 66 becomes dim and the 

10 precision of measurement is remarkably deteriorated. 

[OOlO] That is, the cylindrical lenses 64 and 65 basically 
show convergence in only the peripheral direction of the 
cylindrical face of each lens and have no convergence in other 
directions. Therefore, as shown in Fig. 22A, scattered light 

15 diffuse in the circumference of the cylindrical face of the first 
cylindrical lens 64 out of measuring beams reflected at the 
irradiation point P is converged by the first cylindrical lens 64 
and is incident on the second cylindrical lens 65. The light is 
deflected by the second cylindrical lens 65 so that the light goes 

2 0 to the center of the light receiving plane 66a of the light 
receiving element 66 and forms an image formation point K on 
the light receiving plane 66a. 

[OOll] Also, as shown in Fig. 22B, scattered light diffuse in 
the axial direction of the cylindrical face of the first cylindrical 
25 lens 64 out of measuring beams reflected at the irradiation point 
P is not converged by the first cylindrical lens 64 at all and is 
incident on the second cylindrical lens 65 in a state in which the 
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light is diffuse. Therefore, an image formation point K on the 
hght receiving plane 66a of the light receiving element 66 
becomes a straight line extended in the width direction of the 
light receiving plane 66a. 
5 [0012] In addition, an image at the irradiation point P is 
converged by only the first cylindrical lens 64 the focal length of 
which is short. Therefore, an image K on the light receiving 
plane 66a of the light receiving element 66 is in the shape of an 
ellipse long sideways because of the aberration of the first 

10 cylindrical lens 64 as shown in Fig. 23. Therefore, the image K 
in the shape of the ellipse long sideways cannot be made circular 
by converging it by the first cylindrical lens 64. Hereby, the 
variation of a signal output from the light receiving element 66 
increases. Therefore, displacement on the measured surface 

15 cannot be measured at high precision. 

[0013] Further, as shown in Fig. 24, the surface 70a of a 
measuring object 70 has irregularities and may have 
predetermined difference in a level 70b. In such a form, when 
light radiated from a projecting system is regularly reflected by 

20 a light receiving system, reflected light may be intercepted by 
this difference in a level 70b. In this case, displacement in the 
vicinity of a part having difference in a level 70b cannot be 
measured. 

25 SUMMARY OF THE INVENTION 

[0014] The invention is made to remove the above-mentioned 
defects and the object is to provide apparatus for measuring 
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displacement that measures the displacement (the 
irregularities) of the surface of a measuring object precisely and 
at high speed. 

[0015] To achieve the object, apparatus for measuring 
5 displacement according to a first aspect of the invention is based 
upon apparatus for measuring displacement that scans light 
radiated onto the surface of a measuring object and measures 
the displacement amount of the surface of the measuring object 
without contact based upon a position in which an image 

10 formation point formed on the light receiving plane of a light 
receiving element is detected. Further, the above-mentioned 
apparatus for measuring displacement comprises projecting 
means that radiates the scanned radiated light on the surface of 
the measuring object to form an irradiation point and light 

15 receiving means having the light receiving element that receives 
a measuring beam from the irradiation point on the light 
receiving plane of the light receiving element and forms the 
image formation point. The light receiving means is provided 
with a lens array and an imaging lens. The lens array is 

20 composed of plural condenser lenses having a uniform image 
formation characteristic around the optical axis and provided 
along the scan direction of the radiated light for converging the 
measuring beams. The imaging lens has a uniform image 
formation characteristic around its own optical axis for guiding 

25 the converged measuring beams onto the light receiving plane 
and forms the image formation point. 

[0016] The light receiving element may be also provided in a 
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position apart by its focal length from the imaging lens as in a 
second aspect. 

[0017] According to the above-mentioned configuration, light 
radiated onto the surface of the measuring object is scanned by 
5 the projecting means and is reflected on the side of the light 
receiving means. Measuring beams from the irradiation point 
are the reflected light or the scattered light of radiated light at 
the irradiation point formed on the surface of the measuring 
object. The measuring beams are converged in a direction 

10 orthogonal to a scan direction by the lens array. The converged 
measuring beams are imaged on the light receiving plane of the 
light receiving element by the imaging lens having a uniform 
image formation characteristic around the optical axis. 
[0018] Therefore, the measuring beams converged by the 

15 lens array can be imaged on the light receiving plane in a state 
in which aberration is small. Hereby, the displacement of the 
surface of the measuring object can be precisely measured. 
[0019] Further, as described in a third aspect, each optical 
axis of the plural condenser lenses is mutually parallel and the 

2 0 plural condenser lenses composing the lens array are arranged 
in parallel in a line orthogonal to each optical axis in a position 
respectively apart by the focal length from the irradiation point. 
[0020] It is known that the larger light receiving width 
parallel to a direction scanned by radiated light is, the slower 

25 the speed of response of a light receiving element is. A light 
receiving element the light receiving width of the light receiving 
plane of which is small and the speed of response of which is fast 
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can be used by configuring small plural condenser lenses so that 
they converge measuring beams from an irradiation point. 
Hereby, the speed of a scan is accelerated, the processing speed 
of the light receiving element for the output of a signal can be 
5 accelerated and measuring time can be reduced. 

[0021] Desirably, as described in a fourth aspect, when 
positional relationship among the lens array, the imaging lens 
and the light receiving element meets 0 < (f2/fl) • t < w, an 
optimum image formation characteristic is acquired. However, 

10 w means light receiving width parallel to the direction of a scan 
on the light receiving plane, t means the width of each 
condenser lens parallel to the direction of a scan, fl means the 
focal length of each condenser lens and f2 means the focal length 
of the imaging lens. 

15 [0022] The apparatus for measuring displacement may be 
also configured as described in a fifth aspect so that the 
projecting means vertically radiates the scanned radiated light 
on the surface of the measuring object and forms an irradiation 
point and a pair of light receiving means are provided apart by 

20 equal distance from the irradiation point in symmetrical 
positions based upon an optical path plane in the direction of a 
scan of the radiated light. 

[0023] According to the above-mentioned configuration, 
radiated light vertically incident on the surface of the measuring 
25 object is scanned by the projecting means and is scattered in all 
directions in case the measuring object has a rough surface. A 
part of scattered measuring beams is converged in a direction 
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orthogonal to the direction of a scan by the lens array. The 
converged measuring beams are imaged on the light receiving 
plane of the light receiving element by the imaging lens having a 
uniform image formation characteristic around the optical axis. 
5 [0024] Therefore, measuring beams converged by the lens 
array can be imaged on the light receiving plane in a state in 
which aberration is small. Hereby, the displacement of the 
surface of the measuring object can be precisely measured. 
Particularly, even if measuring beams on the side of one light 

10 receiving means are intercepted by difference in a level on the 
surface of the measuring object and the sufficient amount of 
beams are not acquired, the displacement is measured by beams 
acquired by the other light receiving means and the precision of 
measurement can be maintained. 

15 [0025] The apparatus for measuring displacement according 
to the fifth aspect is characterized in that it is provided with 
displacement operation means that operates and outputs a 
signal telling the displacement of the surface of the measuring 
object based upon a position of the image formation point formed 

20 on each light receiving plane of a pair of light receiving elements 
as described in a sixth aspect. 

[0026] The displacement operation means is characterized as 
concretely described in a seventh aspect in that it is provided 
with two preadders that add a pair of electric signals acquired 
25 from symmetrical positions based upon the optical path plane of 
the scanned radiated light after four electric signals acquired 
according to an image formation position on each light receiving 
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plane of a pair of light receiving elements are converted from 
current to voltage, an adder that adds each electric signal 
acquired in the preadders, a subtracter that subtracts an electric 
signal acquired in one of the preadders from an electric signal 
5 acquired in the other and a divider that divides the electric 
signal acquired in the subtracter by the electric signal acquired 
in the adder. 

[0027] According to the above-mentioned configuration, the 
displacement operation means can measure the amount of 

10 displacement precisely by adding and subtracting after adding 
electric signals output from the light receiving element 
beforehand even if the amount of received light varies, the 
configuration of the divider is simplified and the cost of the 
apparatus for measuring displacement can be reduced. 

15 [0028] As described in an eighth aspect, the displacement 
operation means is provided with an adder and a subtracter in 
every light receiving means. The adder adds a pair of electric 
signals after a pair of electric signals acquired in an image 
formation position on each light receiving plane of the light 

20 receiving element are respectively converted from current to 
voltage. The subtracter subtracts one of the pair of electric 
signals from the other respectively. The displacement 
operation means may be also provided with an addition signal 
adder that adds addition signals acquired each adder, a 

25 subtraction signal adder that adds subtraction signals acquired 
from each subtracter and a divider that divides an electric signal 
acquired in the subtraction signal adder by an electric signal 
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acquired in the addition signal adder. 

[0029] According to the above-mentioned configuration, even 
if balance in the sensitivity and others of both light receiving 
means is not uniform, the gain control and others of an amplifier 
5 can be facilitated and the displacement measurement precision 
can be enhanced. 

[0030] Further, as described in a ninth aspect, the 

above-mentioned displacement operation means is provided with 
an adder, a subtracter and a divider in every light receiving 

LO means. The adder adds a pair of electric signals after a pair of 
electric signals acquired in an image formation position on the 
light receiving plane of the light receiving element are 
respectively converted from current to voltage. The subtracter 
subtracts one of the pair of electric signals from the other. The 

15 divider divides a subtraction signal acquired in the subtracter by 
an addition signal acquired in the adder respectively. The 
displacement operation means may be also provided with 
switching means to which each displacement signal 
corresponding to a value divided in each divider and a 

20 displacement signal corresponding to the average value of the 
divided values are input and which outputs any displacement 
signal, level determination means that determines whether each 
addition signal meets a predetermined reference value or not 
and selecting means that selectively outputs a suitable one of 

25 each displacement signal input to the switching means based 
upon the result of determination in the level determination 
means. 
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[0031] According to the above-mentioned configuration, in 
the displacement operation means, the signal-to-noise ratio can 
be made satisfactory without increasing a noise level by adding, 
subtracting and dividing every light receiving means, 
5 determining whether each addition signal meets a 
predetermined reference value or not and outputting a suitable 
displacement signal acquired by division based upon the result 
of determination and the displacement measurement precision 
can be enhanced. Particularly, when the amount of received 

10 light is small, predetermined precision can be also acquired. 

[0032] Apparatus for measuring displacement according to a 
tenth aspect is based upon apparatus for measuring 
displacement that scans radiated light on the surface of a 
measuring object and measures the amount of displacement of 

15 the surface of the measuring object based upon a position in 
which an image formation point formed on the light receiving 
plane of a light receiving element is detected without contact. 
Further, the above-mentioned apparatus for measuring 
displacement comprises projecting means, light receiving means, 

2 0 displacement operation means and processing means. The 
projecting means radiates the scanned radiated light on the 
surface of the measuring object to form an irradiation point. 
The light receiving means has the light receiving element that 
receives a measuring beam from the irradiation point on the 

25 light receiving plane of the light receiving element and forms the 
image formation point. The light receiving means is provided 
with a lens array and an imaging lens. The lens array is 
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composed of plural condenser lenses having a uniform image 
formation characteristic around the optical axis and provided 
along the scan direction of the radiated light for converging the 
measuring beams. The imaging lens has a uniform image 
5 formation characteristic around its own optical axis for guiding 
the converged measuring beams onto the light receiving plane 
and forms the image formation point. The displacement 
operation means operates and outputs the amount of 
displacement of the surface of the measuring object based upon 

10 an electric signal corresponding to the position of the image 
formation point and output from the light receiving element. 
The processing means respectively detects the deviation of an 
image formation position caused because of the dispersion of 
image formation positions by light passed in the lens array in 

1 5 plural locations in the direction of a scan, corrects and outputs 
the amount of displacement of the surface of the measuring 
object based upon the detected deviation. 

[0033] As described in an eleventh aspect, the 

above-mentioned processing means is characterized in that it is 

2 0 provided with deviation detection means that detects the 
deviation of the image formation position using a reference 
object, correction value storage means that stores deviation 
detected by the deviation detection means as correction data and 
displacement correction means that corrects and outputs the 

25 amount of displacement output from the displacement operation 
means based upon the correction data stored in the correction 
value storage means in measuring the amount of displacement 
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of the surface of the measuring object. 

[0034] Further, as described in a twelfth aspect, the 

apparatus for measuring displacement according to the eleventh 
aspect is provided with scan initiation detection means that 
5 outputs a scan initiation signal every time the radiated light 
scans and counting means that counts the current radiated light 
scan position based upon a scan initiation signal from the scan 
initiation detection means and is characterized in that the 
deviation detection means correlates the detected deviation with 

10 the current radiated light scan position output from the 
counting means and stores in the correction value storage means 
as correction data and the displacement correction means reads 
correction data corresponding to the current radiated light scan 
position output from the counting means from the correction 

15 value storage means, corrects and outputs a signal for the 
amount of displacement output from the displacement operation 
means by the read correction data. 

[0035] Apparatus for measuring displacement according to a 
thirteenth aspect is based upon apparatus for measuring 

2 0 displacement that scans light radiated onto the surface of a 
measuring object and measures the amount of displacement of 
the surface of the measuring object without contact based upon 
the detected position of an image formation point formed on the 
light receiving plane of a light receiving element. The 

2 5 above-mentioned apparatus for measuring displacement is 
provided with projecting means, the light receiving means, scan 
initiation detection means and processing means. The 
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projecting means radiates the scanned radiated light on the 
surface of the measuring object to form an irradiation point. 
The hght receiving means has the hght receiving element that 
receives a measuring beam from the irradiation point on the 
5 light receiving plane of the light receiving element and forms the 
image formation point. The light receiving means is provided 
with a lens array and an imaging lens. The lens array is 
composed of plural condenser lenses having a uniform image 
formation characteristic around the optical axis and provided 

10 along the scan direction of the radiated light for converging the 
measuring beams. The imaging lens has a uniform image 
formation characteristic around its own optical axis for guiding 
the converged measuring beams onto the light receiving plane 
and forms the image formation point. The scan initiation 

15 detection means detects the scan initiated point of radiated light 
on the surface of the measuring object. The processing means 
corrects and outputs the amount of displacement of the surface 
of the measuring object based upon the deviation of the image 
formation position caused because of the dispersion of image 

20 formation positions by light passed in the lens array. Further, 
the processing means is provided with a calibration mode and a 
measurement mode. In the calibration mode, the deviation of 
the image formation position caused by the dispersion of image 
formation positions by light passed in the lens array is 

25 respectively detected in plural locations in the scan direction 
using a reference object. In the measurement mode, the 
amount of displacement of the measuring object is respectively 



15 



corrected and output based upon the detected deviation in the 
plural locations in the scan direction. 

[0036] Further, a method for measuring displacement 
according to a fourteenth aspect is based upon a method for 
5 measuring displacement for scanning an irradiation point 
formed by light radiated onto the surface of a measuring object, 
converging light from the irradiation point by a lens array which 
is composed of plural condenser lenses having a uniform image 
formation characteristic around the optical axis and in which 

1 0 the plural condenser lenses are arranged in the scan direction of 
the radiated light, forming the image formation point on the 
light receiving plane of the light receiving element and 
measuring the amount of displacement of the surface of the 
measuring object without contact based upon the deviation of an 

15 image formation position caused because of the dispersion of the 
positions of image formation points on a light receiving plane, 
and is characterized in that the deviation of the image formation 
positions on the light receiving plane of the light receiving 
element of each point in the scan direction of the surface of the 

20 measuring object is detected using a reference object beforehand 
and the amount of displacement at each point in the scan 
direction acquired in measuring the measuring object is 
corrected based upon the deviation. 

[0037] Also, as described in a fifteenth aspect, the method for 
25 measuring displacement according to the fourteenth aspect is 
characterized in that the radiated light scan position is 
sequentially detected by counting time from scan initiation time 
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and is used for the detection of the deviation and for correction. 
[0038] According to the above-mentioned configuration, hght 
that scans the surface of a measuring object is imaged on the 
hght receiving plane of the hght receiving element via each 
5 condenser lens of the lens array and the amount of displacement 
in the scan direction can be acquired. 

Deviation which each condenser lens has can be detected 
using a reference object. Deviation detection means stores the 
deviation of each point in the scan direction in correction value 

10 storage means as correction data. 

[0039] Displacement correction means reads correction data 
corresponding to the position of a scan from correction value 
storage means in measuring a measuring object, corrects and 
outputs the measured amount of displacement referring to the 

15 correction data. 

[0040] Hereby, deviation caused because of the dispersion in 
fabrication of the lens array and the dispersion of installation 
states in the equipment is solved by electric processing and 
high- precision displacement measurement is enabled. 

20 

[0041] BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic perspective view showing 
apparatus for measuring displacement according to the 
invention! 

25 Fig. 2 is a side view showing the apparatus for 

measuring displacement according to the invention; 

Fig. 3 is a block diagram showing displacement 
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operation means of the apparatus for measuring displacement 
according to the invention; 

Figs. 4 are top views respectively showing an image 
formation point corresponding to the scan of an irradiation point 
5 in light receiving means in an embodiment of the invention; 

Figs. 5 are side views respectively showing an image 
formation point corresponding to the irradiation point in the 
light receiving means in the embodiment of the invention; 

Fig. 6 is a schematic perspective view showing 
10 apparatus for measuring displacement equivalent to a second 
embodiment of the invention; 

Fig. 7 is a side view showing the apparatus for 
measuring displacement equivalent to the second embodiment of 
the invention; 

15 Fig. 8 is a block diagram showing displacement 

operation means of the apparatus for measuring displacement 
equivalent to the second embodiment of the invention; 

Fig. 9 is a side view showing the operation of the 
apparatus for measuring displacement equivalent to the second 
2 0 embodiment of the invention; 

Fig. 10 is a side view showing a state in which scattered 
light is intercepted in case there is difference in a level in the 
vicinity of an irradiation point on a measuring object; 

Fig. 11 is a block diagram showing another displacement 
2 5 operation means in the second embodiment of the invention; 

Fig. 12 is a block diagram showing the other 
displacement operation means in the second embodiment of the 
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invention; 

Fig. 13 is a block diagram showing the electric 
configuration of the apparatus for measuring displacement! 

Fig. 14 is a flowchart showing a cahbration mode of the 
5 apparatus for measuring displacement according to the 
invention; 

Fig. 15 is a front view showing a state in the calibration 
mode in which the equipment is installed; 

Fig. 16 is the side view; 
10 Fig. 17 shows deviation detected in the calibration mode 

of the apparatus for measuring displacement according to the 
invention; 

Fig. 18 is a flowchart showing a measurement mode of 
the measuring object; 
15 Figs. 19 are explanatory drawings for explaining 

processing for solving deviation caused in a lens array; 

Fig. 20 is a schematic drawing showing conventional 
type apparatus for measuring displacement; 

Fig. 21 is a schematic perspective view showing 
20 conventional scanning-type apparatus for measuring 
displacement; 

Figs. 22 show the operation of a light receiving system of 
the conventional scanning-type apparatus for measuring 
displacement; 

25 Fig. 23 shows an image formation point imaged on the 

light receiving plane of the conventional type apparatus for 
measuring displacement; and 
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Fig. 24 is a side view showing a state in which scattered 
hght is intercepted in case there is difference in a level in the 
vicinity of an irradiation point on a measuring object. 



5 DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

[0042] As shown in Figs. 1 and 2, apparatus for measuring 
displacement 1 scans a surface 30a of a measuring object with 
light radiated from projecting means 2 and its light receiving 
10 means 6 receives the reflected light. The measuring object 30 is 
set on a measuring table 31. 

[0043] The projecting means 2 is composed of a light source 3 
such as a laser diode, a deflector 4 such as a rotating mirror type, 
an oscillating mirror type and a polygon mirror type and a 

15 convergent lens 5 for converging light outgoing from the 
deflector 4 on the surface of the measuring object. 
[0044] The deflector 4 is arranged in a position in which 
radiated light is incident on the surface 30a of the measuring 
object from a diagonal direction. The deflector 4 deflects 

2 0 radiated light incident from the light source 3 and scans the 
radiated light in fixed width. 

[0045] The convergent lens 5 is arranged on the optical path 
of light outgoing from the deflector 4 so that the longitudinal 
direction is matched with the direction of a scan. The 
25 convergent lens 5 converges radiated light scanned by the 
deflector 4 and makes the radiated light parallel to the optical 
axis incident on the surface 30a of the measuring object. 
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An irradiation point P is formed on the surface of the 
measuring object by radiated hght. 

[0046] The Hght receiving means 6 is composed of a lens 
array 7, an imaging lens 8 having a uniform image formation 
5 characteristic around the optical axis and a light receiving 
element 9. The light receiving means 6 is arranged on the 
optical path of reflected light. 

[0047] The lens array 7 is composed of plural (six in Fig. 1) 
condenser lenses 7a to 7f lined in the scan direction. Each 

10 condenser lens 7a to 7f is made of synthetic resin or glass and 
composes the lens array 7. A dimension of width in a direction 
in which the condenser lenses 7a to 7f are arranged is shorter 
than width in which radiated light scans. The focal length fl 
(for example, 20 mm) of each condenser lens 7a to 7f is mutually 

15 equal and each optical axis is parallel. Each condenser lens 7a 
to 7f has a uniform image formation characteristic around its 
optical axis. One surface orthogonal to the optical axis of each 
condenser lens 7a to 7f is formed so that the surface is spherical. 
[0048] The imaging lens 8 has a diameter larger than the 

20 dimension (for example, 35 mm) of the width of a scan of 
reflected light. The imaging lens 8 is arranged so that the 
optical axis and the optical path of reflected light are coincident. 
The plane of incidence of the imaging lens 8 is opposite to each 
condenser lens 7a to 7f and the outgoing plane is opposite to the 

25 light receiving plane. The imaging lens 8 uniformly converges 
reflected light incident on the plane of incidence around the 
optical axis and images the surface of the measuring object at 
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one point on the light receiving plane 9a of the light receiving 
element 9. The plane of incidence of the imaging lens 8 may be 
also spherical or aspherical. The place of incidence may be also 
cut in a shape having only a part corresponding to a range on 
5 which reflected light is incident. 

[0049] The light receiving element 9 is provided with the 
rectangular light receiving plane 9a. The center of the light 
receiving plane 9a intersects the optical axis of the imaging lens 
8. The light receiving element 9 is arranged in a position apart 

10 by the focal length f2 from the imaging lens 8. Light receiving 
width w parallel to the scan direction of the light receiving plane 
9a is set so that the light receiving width is larger than a value 
acquired by multiplying the width t of each condenser lens 7a to 
7f parallel to the scan direction by the ratio (the magnification) 

15 f2/fl of the focal length fl of each condenser lens 7a to 7f and the 
focal length f2 of the imaging lens 8. For example, when the 
width in the scan direction of each condenser lens 7a to 7f is 6 
mm and the magnification f2/fl is 4, the light receiving width w 
in the scan direction of the light receiving plane 9a is larger 

20 than 24 mm. 

[0050] An image (an image formation point K) imaged on the 
light receiving plane 9a moves in a direction orthogonal to the 
scan direction (hereinafter called the direction of displacement) 
by the displacement of the surface 30a of the measuring object. 

25 The direction of displacement has a predetermined gradient 
shown in Fig. 2 in a horizontal direction to correspond to the 
movement of an image formation position in the direction of the 
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optical axis of the imaging lens 8 according to the displacement 
of the surface 30a of the measuring object. 

[0051] An electrode is provided at both ends in the direction 
of displacement of the light receiving element 9 to output a pair 
of electric signals A and B corresponding to the position of the 
image formation point K. When the surface 30a of the 
measuring object approaches the lens array 7, the electric signal 
A relatively becomes large and the electric signal B becomes 
small. In the meantime, when the surface 30a of the 
measuring object separates from the lens array 1, the electric 
signal B relatively becomes large and the electric signal A 
becomes small. 

[0052] The electric signals A and B are output to 

displacement operation means shown in Fig. 3. A pair of 
current/voltage converters W for converting the electric signals 
A and B from current to voltage are provided to the 
displacement operation means 10. The electric signals A and B 
converted in each current/voltage converter W are respectively 
output to an adder 12 and a subtracter 13. In the adder 12, the 
electric signals A and B are added and an addition signal is 
output. In the subtracter 13, the electric signal A or B is 
subtracted from the electric signal B or A and a subtraction 
signal is output. The addition signal and the subtraction signal 
are input to a divider 14, division is performed there and a 
displacement signal D is output. 

[0053] Next, referring to Figs. 1 to 5, the action of this 
embodiment will be described. Light radiated from the hght 
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source 3 is deflected by the deflector 4 and is scanned at a 
predetermined stroke. The scanned radiated hght is incident 
on the convergent lens 5 to be parallel beams and forms an 
irradiation point on the surface 30a of the measuring object. 
The radiated light is reflected or scattered every irradiation 
point P and reflected or scattered hght (measuring beams) is/are 
outgoing to the side of the light receiving means 6. 
[0054] As shown in Fig. 4A, the irradiation point P is 
scanned and radiated light goes to a position opposite to the 
condenser lens 7a at one end of the lens array 7. Light 
(measuring beams) reflected or scattered from the irradiation 
point is/are converged by the condenser lens 7a to be 
substantially parallel beams. The converged measuring beams 
are incident on the imaging lens at an angle with the optical 
axis of the imaging lens 8. 

[0055] The imaging lens 8 turns a measuring beam incident 
on the condenser lens 7a and images it on the side of one end of 
the hght receiving plane 9a of the hght receiving element 9 
according to its image formation characteristic. As shown in 
Fig. 5A, hght reflected or scattered from the irradiation point P 
is also converged by the condenser lenses 7a to 7e to be 
substantially parallel when the light is viewed from the side. 
The light is imaged on the light receiving plane 9a of the light 
receiving element 9 by the imaging lens 8. 

[0056] Therefore, on the light receiving plane 9a of the hght 
receiving element, a dot-shaped image Ka (an image formation 
point) is formed in a position accurately corresponding to the 
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height of the irradiation point P. Electric signals A and B 
respectively corresponding to the position are respectively 
output from the electrode. Measuring beams incident on the 
other condenser lenses 7b to 7f from the irradiation point P are 
also converged and are incident on the imaging lens 8. 
However, these beams are not imaged on the hght receiving 
plane 9a of the light receiving element 9. 

[0057] As shown in Fig. 4B, the irradiation point P is 
displaced to a position intersected with the optical axis of the 
condenser lens 7a of the lens array 7 by the scan of the 
irradiation point P. Light (measuring beams) reflected or 
scattered from this irradiation point P is/are converged mainly 
by the condenser lens 7a to be substantially parallel. The 
converged measuring beams are incident with them parallel to 
the optical axis of the imaging lens 8. Therefore, an image Ka 
of the irradiation point P is formed in a substantially central 
position in the direction of the light receiving width of the hght 
receiving plane 9a of the hght receiving element 9. 
[0058] Further, as shown in Fig. 4C, the irradiation point P 
is displaced near to the condenser lens 7b adjacent to the optical 
axis in a range opposite to the condenser lens 7a of the lens 
array 7 by the scan of the irradiation point P. Then, light 
(measuring beams) reflected or scattered from this irradiation 
point P is converged mainly by the condenser lens 7a. The 
measuring beams are incident on the imaging lens at an angle 
reverse to that in the case shown in Fig. 4A based upon the 
optical axis of the imaging lens 8. Therefore, the imaging lens 
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8 forms a dot-shaped image Ka in a position on the side of the 
other end in the direction of the Hght receiving width of the hght 
receiving plane 9a of the hght receiving element 9. 

[0059] As described above, when the irradiation point P is 
displaced in a range opposite to the condenser lens 7a, the image 
Ka on the light receiving plane 9a of the light receiving element 

9 is displaced from the side of one end of the hght receiving 
width of the light receiving plane 9a to the side of the other end. 
[0060] When the irradiation point P is displaced by 6 in the 
direction of the height like P' according to the scan of the 
irradiation point P as shown in Fig. 5B, an image on the hght 
receiving plane 9a of the light receiving element 9 is displaced 
like K'. Electric signals A and B corresponding to the position 
are output. The height of the irradiation point P' from a 
reference level is detected based upon the electric signals A and 
B and difference 6 between the height and the height of the 
irradiation point P is also detected. 

[0061] The irradiation point P is displaced to a position 
opposite to a boundary between the condenser lens 7a and the 
condenser lens 7b according to the scan of the irradiation point P 
as shown in Fig. 4D. Measuring beams from the irradiation 
point P are converged by the adjacent two condenser lenses 7a 
and 7b to be substantially parallel beams and are incident on 
the imaging lens 8. Therefore, image formation points Ka and 
Kb are formed at both ends in the direction of the light receiving 
width of the hght receiving plane 9a. However, the positions of 
these two image formation points Ka and Kb in the direction of 
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displacement are equal. Therefore, an electric signal 
corresponding to the position in the direction of displacement is 
output from the light receiving element 9 as in a case that an 
image formation point is one. 

[0062] When the irradiation point P is further scanned, it is 
displaced in a range opposite to the condenser lens 7b as shown 
in Fig. 4E. Then, light (measuring beams) reflected or 
scattered from the irradiation point P is/are converted mainly by 
the condenser lens 7b and is/are incident on the imaging lens 8 
with the hght (the measuring beams) having an angle with the 
optical axis. The imaging lens 8 forms a dot-shaped image Kb 
in a position on the side of one end in the direction of the light 
receiving width of the light receiving plane 9a of the light 
receiving element 9. 

[0063] Similarly, while the irradiation point P is scanned in 
the width in the direction of a scan of the lens array 7 (in this 
case, 36 mm), the image formation point K is displaced from one 
end of the hght receiving width of the hght receiving plane 9a to 
the other end every condenser lens 7a to 7f. Simultaneously, 
according to the displacement of the surface 30a of the 
measuring object 30, the image formation point is displaced in 
the direction of displacement. 

[0064] A pair of electric signals A and B accurately 

corresponding to the displacement in the height of the surface 
30a of the measuring object 30 are output to the displacement 
operation means 10 from the light receiving element 9. The 
electric signals A and B are respectively converted to voltage by 
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the current/voltage converters W as shown in Fig. 3. The 
converted electric signals A and B are respectively output to the 
adder 12 and the subtracter 13. After addition and subtraction, 
an addition signal is output from the adder 12, a subtraction 
signal is output from the subtracter 13, divider 14 divides the 
electric signal A by the electric signal B and a displacement 
signal D is output from the divider 14. The displacement of the 
surface 30a of the measuring object can be measured based upon 
the displacement signal D. 

[0065] The light receiving element 9 the light receiving 
width w of the light receiving plane 9a of which is small can be 
used, compared with a conventional type method of converging 
measuring beams from the irradiation point to be substantially 
parallel by only the condenser lens having a uniform image 
formation characteristic around one optical axis the diameter of 
which is larger than a range in which radiated light scans and 
making them incident on the imaging lens. That is, it is known 
that the larger the hght receiving width w of this type of light 
receiving element 9 is, the slower the speed of response is. The 
light receiving element 9 the light receiving width w of the light 
receiving plane 9a of which is small and the speed of response of 
which is fast can be used by configuring so that measuring 
beams from the irradiation point P are converged by small 
plural condenser lenses 7a to 7f as in this embodiment. Hereby, 
the speed of a scan is accelerated, the processing speed for 
outputting a signal of the light receiving element 9 can be 
accelerated and measurement time can be reduced. 



28 



[0066] In this embodiment, the lens array 7 having five 
condenser lenses 7a to 7e is used for the range of a scan of 36 
mm by a beam, however, the invention is not limited to this. If 
the condenser lenses 7a to 7e are further miniaturized (for 
example, the width is 2 mm), the light receiving width w of the 
light receiving plane 9a of the hght receiving element 9 can be 
further reduced and the processing speed for an electric signal 
output from the hght receiving element 9 can be further 
accelerated. 

[0067] If the ratio f2/fl of the focal length fl of each 
condenser lens 7a to 7e and the focal length f2 of the imaging 
lens 8 is reduced, the length in the direction of displacement of 
the light receiving element 9 can be also reduced. In the 
meantime, when the focal length f2 of the imaging lens 8 is 
reduced, aberration is increased in the periphery of the imaging 
lens 8. When the focal length fl is increased in a state that the 
width of each condenser lens 7a to 7e is fixed, the condenser 
lenses 7a to 7e become dark and the amount of received light 
decreases. Therefore, the outside diameter and the focal length 
of each lens 7 and 8 may be determined according to a state of 
the surface of the measuring object 30 and precision required for 
measurement. 

[0068] For the lens array 7 in this embodiment, the plural 
condenser lenses 7a to 7e are integrated by synthetic resin or 
glass. However, plural condenser lenses 7a to 7e individually 
formed may be also bonded and integrated and each condenser 
lens 7 a to 7e may be also lined in a state without clearance 
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without bonding. 

[0069] In this embodiment, for the imaging lens 8, a lens one 
plane of which is spherical is used, however, it has only to be an 
imaging lens which can uniformly converge beams around its 
optical axis and a lens both planes of which are spherical or 
aspherical may be also used. 

Second Embodiment 
[0070] This embodiment is an example in which the 

projecting means 2 in the first embodiment is arranged in a 
position that light radiated from the projecting means is 
vertically incident on the surface 30a of a measuring object and 
a pair of light receiving means 6 (6-1, 6-2) are provided in 
positions symmetrical with the optical path plane of scanned 
radiated light so that measuring beams scattered at an 
irradiation point P can be received as shown in Figs. 6 and 7. 
The description of the configuration and functions respectively 
common to those in the first embodiment is omitted below. 
[007 1] Fig. 8 is a block diagram showing electric 

configuration (displacement operation means 15) that operates 
the displacement of a measuring object 30 based upon the 
output of a pair of light receiving elements 9 (9-1, 9-2). 
[0072] This displacement operation means 15 is provided 
with a current -voltage converter W, a preadder 11, an adder 12, 
a subtracter 13 and a divider 14. The preadder 11 is configured 
by connecting a first preadder 11a and a second preadder lib for 
converting an input electric signal to voltage in parallel every 
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light receiving element 9-1, 9-2. The adder 12 adds an electric 
signal A from the pre adder 11a and an electric signal B from the 
preadder lib. The subtracter 13 subtracts the electric signal B 
from the electric signal A. The divider 14 divides a signal 
output from the adder 12 or the subtracter 13 by a signal output 
from the subtracter 13 or the adder 12. The result of the 
division is output as a displacement signal D. 
[0073] Next, referring to Figs. 8 to 10, the action of this 
embodiment will be described. Light radiated from a light 
source 3 is deflected by a deflector 4 and is scanned at a 
predetermined stroke. The scanned radiated light is converged 
via a convergent lens 5, is vertically incident on the surface 30a 
of the measuring object 30 on a measuring table 31 and forms an 
irradiation point P on the surface 30a of the measuring object. 
Radiated light is scattered from the irradiation point P because 
the surface 30a of the measuring object is not a mirror finished 
surface. Scattered light (measuring beams) scattered at the 
irradiation point P is/are converged by both lens arrays 7 (7-1, 
7-2), is/are converged around the optical axis by both imaging 
lenses 8 (8-1, 8-2) and forms/form an image formation point K on 
both light receiving planes 9a. 

[0074] The image formation point K formed on both light 
receiving planes 9a is formed in positions symmetrical with the 
optical path plane of scanned radiated light. For example, as 
shown in Fig. 9, when the surface 30a of the measuring object is 
displaced in the direction of the height and the irradiation point 
goes to the position of P', the image formation point both goes to 
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the position of K'. When the surface 30a of the measuring 
object is displaced in the direction of the height and the 
irradiation point goes to the position of P", the image formation 
point both goes to the position of K". 

[0075] A pair of electric signals (Al, Bl) and (A2, B2) 
accurately corresponding to the displacement of the height of the 
surface 30a of the measuring object 30 are respectively output 
from each light receiving element 9 (9-1, 9-2). The displacement 
of each surface 30a of the measuring object can be measured 
based upon these electric signals. 

[0076] As shown in a side view in Fig. 10, in case the 
irradiation point P is located in the vicinity of part having 
difference in a level 30b formed on the surface 30a of the 
measuring object, a measuring beam to be scattered in the 
direction of one light receiving element 9-1 (shown by a dotted 
line in Fig. 10) is intercepted by the side of a convex portion. In 
this case, no electric signal (Al, Bl) corresponding to the 
displacement in the height of the surface 30a of the measuring 
object is output from one light receiving element 9-1 on which no 
image is imaged by interception. 

[0077] However, the image K of the irradiation point P is 
imaged on the other light receiving element 9-2 as described 
above. The electric signal (A2, B2) accurately corresponding to 
the displacement in the height of the surface 30a of the 
measuring object 30 is output. The displacement of each 
surface 30a of the measuring object can be measured based upon 
the electric signal. 
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[0078] The electric signals (Al, Bl), (A2, B2) output as 
described above are processed as follows. As shown in Fig. 8, 
electric signals Al and A2 respectively converted to voltage are 
respectively input to the first preadder 11a. Electric signals Bl 
and B2 respectively converted to voltage are input to the second 
preadder lib. 

[0079] In the first preadder 11a, the electric signals Al and 
A2 are added, in the second preadder lib, the electric signals Bl 
and B2 are added and they are respectively output to the adder 
12 and the subtracter 13 as electric signals A and B. 
[0080] A value A + B added by the adder 12 and a value A - B 
subtracted by the subtracter 13 are output to the divider 14. 
An expression (A - B)/(A + B) is calculated in the divider 14, and 
is output as a displacement signal D. 

[0081] As shown in Fig. 10, in case the irradiation point P is 
located in the vicinity of the part having difference in a level 30b 
of the surface 30a of the measuring object and no image is 
imaged on one light receiving element 9-1, no electric signals Al, 
Bl are output from the one light receiving element 9-1 for 
example. In this case, after only electric signals A2 and B2 are 
converted to voltage, the preadder 11 outputs them as electric 
signals A and B. The output signals A and B are input to the 
adder 12 and the subtracter 13 and they respectively calculate 
A2 + B2 and A2 ■ B2. The divider 14 calculates an expression 
(A2 - B2)/(A2 + B2). The result of the division can be output a 
displacement signal D. As described above, as the divider 14 
divides output acquired by addition (A2 + B2) and by subtraction 
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(A2 - B2), the precise output of displacement can be acquired 
without being influenced by the variation of the amount of 
received hght. 

[0082] As according to the displacement operation means 15 
configured as described above, the operation of displacement is 
executed after addition and subtraction are performed after 
output signals (electric signals) from each light receiving 
element 9-1, 9-2 are added beforehand, plural dividers 14 are 
not required and the cost can be reduced. 

[0083] The above-mentioned displacement operation means 
15 executes the operation of displacement after the means adds 
output signals (electric signals) from each light receiving 
element 9-1, 9-2. However, as shown in Fig. 11, the operation of 
displacement may be also executed every output signal from 
each light receiving element 9-1, 9-2. Concretely, the adder 12 
and the subtracter 13 respectively included in the displacement 
operation means 15 are provided every light receiving means 6-1, 
6-2. 

[0084] A subtraction signal subl output from a first 

subtracter 13a and a subtraction signal sub2 output from a 
second subtracter 13b are both output to a subtraction signal 
adder 16. In the meantime, an addition signal addl output 
from a first adder 12a and an addition signal add2 output from a 
second adder 12b are both output to an addition signal adder 17. 
[0085] The subtraction signal adder 16 adds the subtraction 
signals subl and sub2 and outputs an electric signal sub 
showing the sum. The addition signal adder 17 adds the 
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addition signals addl and add 2 and outputs an electric signal 
add showing the sum. 

[0086] Both electric signals sub and add are input to a 
divider 14. The electric signal sub is divided by the electric 
signal add. The divider 14 outputs a displacement signal D as 
a result of division. 

[0087] As individual addition signals and individual 

subtraction signals are respectively added according to 
displacement operation means 20 shown in Fig. 11 even if the 
sensitivity and others of both light receiving means 6-1 and 6-2 
are unbalanced. Therefore, the gain control and others of a 
current -voltage converter can be facilitated and displacement 
measurement precision can be enhanced. 

[0088] Further, the above-mentioned displacement operation 
means 15 executes the operation of displacement after the 
means adds the corresponding output signals (electric signals) 
from each light receiving element 9-1, 9-2, however, as shown in 
Fig. 11, the operation of displacement may be also executed 
every output signal from each light receiving element 9-1, 9-2. 
Concretely, the adder, the subtracter and the divider 
respectively shown in the displacement operation means 15 are 
provided every light receiving means 6-1, 6-2. 
[0089] In displacement operation means 25, addition signals 
LI (Al + Bl) and L2 (A2 + B2) in each adder 12 are respectively 
input to level determination means 21 and it is discriminated 
there whether the data LI and L2 respectively reach to a 
predetermined reference value or not. When it is determined 
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that the data reaches to the reference value, the result of 
determination is input to a decoder 22 which is selecting means. 
[0090] In case the result of the determination tells that only 
the addition signal LI reaches to the reference value, a signal to 
output a displacement signal Dl ((Al - B1)/(A1 + Bl)) on the 
side of one light receiving element 9-1 is output to switching 
means 23 and a switch SI is selected. Hereby, the 
displacement signal Dl is output. 

[0091] In the meantime, in case the result of the 

determination tells that only the addition signal L2 reaches to 
the reference value, a signal to output a displacement signal D2 
((A2 ■ B2)/(A2 + B2)) on the side of the other light receiving 
element 9-2 is output from the decoder 22 to the switching 
means 23 and a switch S2 is selected. Hereby, the 
displacement signal D2 is output. 

[0092] In case the result of the determination tells that both 
the addition signals LI and L2 reach to the reference value, a 
signal to output the average value D3 of the displacement 
signals Dl and D2 of each light receiving element 9-1, 9-2 is 
output from the decoder 22 to the switching means 23 and a 
switch S3 is selected. Hereby, an average value D3 which is a 
result of equalizing processing by equalizing means 24 is output. 
[0093] In case both the addition signals LI and L2 do not 
reach to the reference value, the decoder 22 outputs an alarm 
signal telling that measurement is disabled to an external device 
and the output of displacement has a predetermined fixed value. 
[0094] The displacement operation means 25 shown in Fig. 
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12 is provided with the adder 12 and a subtracter 13 every hght 
receiving element 9-1, 9-2 to prevent noise from increasing, to 
acquire satisfactory signal-to- noise ratio and to enhance 
displacement measurement precision. Particularly, even if 
light is incident on only one light receiving element or sufficient 
quantity of light is not incident, predetermined precision can be 
acquired. 

Third Embodiment 
[0095] A third embodiment of the invention will be described 
below. The basic optical system of apparatus for measuring 
displacement equivalent to this embodiment may be the same as 
that in the first embodiment or in the second embodiment. As 
shown in Fig. 1, for a measuring object 30 loaded on a 
measuring table 31, there are a reference object 30A such as a 
block gage which is set when the equipment is in a calibration 
mode and the surface 30a to be measured of which is a flat 
reference surface and a measuring object 30B set in a 
measurement mode. 

[0096] Fig. 13 is a block diagram showing the electric 
configuration for calibrating an error caused in a lens array 7 of 
the apparatus for measuring displacement. Displacement 
operation means 14 shown in Fig. 13 is the same as that 10, 15, 
20 and 25 in the first embodiment and in the second 
embodiment. This displacement operation means 41 is 
operated according to a clock pulse C supplied from clock 
generation means 40 and outputs a displacement signal D 
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showing the amount of displacement of the measuring object 30 
based upon the output of a hght receiving element 9. For 
displacement operation processing in the displacement operation 
means 41, after electric signals A and B output from both 
electrodes of the hght receiving element 9 are converted to 
voltage, they are added or subtracted. A value acquired by 
dividing a subtracted signal value by an added signal value is 
output to processing means 44 as a displacement signal D (Dl, 
D2). 

[0097] Scan initiation detection means 42 outputs a single 
scan initiation pulse S to counting means 43 every time the scan 
of radiated light incident from a hght source 3 is initiated. 
[0098] The counting means 43 is composed of a counter, and 
a clock pulse C and a scan initiation pulse S are input. The 
counting means 43 outputs a count value as a count pulse C 
according to a clock pulse C every time a scan initiation pulse S 
is input. 

[0099] The processing means 44 detects the deviation of an 
image formation position caused because of the dispersion of 
image formation positions by hght passed in the lens array 7 in 
plural locations in the direction of a scan. The processing 
means corrects the amount of displacement of the surface of the 
measuring object based upon the detected deviation and outputs 
it. The processing means 44 includes deviation detection 
means 45, displacement correction means 46 and correction 
value storage means 47. 

[0100] The deviation detection means 45 is operated when 
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the equipment is in a calibration mode and executes calibration 
processing. A signal showing the displacement of the surface 
30a of the reference object 30A having a smooth surface the 
contour of which is known beforehand (hereinafter called a 
displacement signal for correction) Dl and a count pulse C from 
the counting means 43 are input to the displacement operation 
means 41. The deviation detection means 45 stores the 
displacement signal for correction Dl in the correction value 
storage means 47 correlating with a count pulse C\ Hereby, the 
value of a displacement signal for correction Dl in each 
measuring position when the measuring object 30B is scanned is 
stored corresponding to a count pulse. 

[0101] The correction value storage means 47 is composed of 
ROM and RAM. For example, a displacement signal for 
calibration Dl is stored in a table at an address corresponding to 
a count pulse C of erasable ROM. In a measurement mode 
described later, reading can be accelerated by transferring the 
contents stored in ROM to RAM beforehand. 
[0102] The displacement correction means 46 is operated in 
a measurement mode and outputs a corrected displacement 
signal. A signal showing the displacement of the surface 30a of 
the measuring object 30B (hereinafter called a displacement 
signal for measurement) D2 from the displacement operation 
means 41 and a count pulse C from the counting means 43 are 
input to the displacement correction means 46. The 
displacement signal for calibration Dl output by the 
displacement operation means 41 and this displacement signal 
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for measurement D2 have the same signal format and in this 
embodiment, for convenience, a different name is allocated every 
mode. 

[0103] The displacement correction means 46 reads a 

5 displacement signal for correction Dl (data for correction E) 
stored at the corresponding address of the correction value 
storage means 47 (RAM) based upon a count pulse C from the 
counting means 43. The displacement correction means 46 
outputs a displacement signal corrected by correcting operation 
10 processing based upon a displacement signal for measurement 
D2 input from the displacement operation means 41 and the 
data for correction E. This correcting operation processing 
means processing for subtracting the data for correction E from 
the displacement signal for measurement D2. 
15 [0104] Next, the operation of the equipment configured as 
described above will be described every mode. Fig. 14 is a 
flowchart showing the contents of processing in a calibration 
mode. 

[0105] In the calibration mode, first, the apparatus for 
20 measuring displacement 1 and the reference object 30A are set 
and adjusted by a correcting jig 32 (STl). Fig. 15 is a front 
view showing a state of the equipment in the calibration mode 
and Fig. 16 is the side view. 

[0106] The correcting jig 32 is provided with a butt plate 33 
25 so that a datum clamp face T is horizontal. The butt plate 33 is 
adjusted so that the datum clamp face T is parallel to the 
surface 31a of the measuring table 31. The reference object 30A 
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is set on the measuring table 31. At this time, the apparatus 
for measuring displacement 1 is adjusted upward or downward 
so that the surface 30a of the reference object 30A can be 
measured. 

[0107] Next, the apparatus for measuring displacement 1 is 
operated in the calibration mode. Light radiated from the light 
source 3 is deflected by a deflector 4 so that the hght is incident 
on the surface 30a of the reference object 30A (ST2). At this 
time, the scan initiation detection means 42 outputs a scan 
initiation signal S to the counting means 43 every time the 
deflection (scanning) of radiated light is started. 
[0108] When an irradiation point P is linearly scanned on 
the surface 30a of the reference object 30A, radiated light is 
regularly reflected toward light receiving means 6 at the same 
angle as the angle of incidence and is incident on the lens array 
7. 

[0109] As the lens array 7 is the aggregate of plural 
condenser lenses 7a to 7f having a uniform image formation 
characteristic around the optical axis, reflected light from each 
irradiation point P is converged in parallel, is further converged 
by an imaging lens 8 and is imaged on a light receiving plane 9a 
(ST3). 

[Olio] As the surface 30a of the reference object 30A is flat, 
an irradiation point P in any position on the surface 30a is to be 
imaged in a position determined in the direction of displacement 
on the light receiving plane 9a. However, actually, 
displacement acquired from an image formation point K 
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includes deviation shown in Fig. 17. 

[Olll] This deviation is caused because the focal length fl is 
different every condenser lens 7a to 7f of the lens array 7 and 
because of the dispersion of positions and directions in which 
condenser lenses in the lens array 7 are set in assembly, "t" is 
equivalent to time required for passage in the width of each 
condenser lens 7a to 7f in scanning. 

[0112] Electric signals A and B corresponding to this 
deviation are input from electrodes provided at both ends of the 
light receiving element 9 to the displacement operation means 
41, displacement operation processing is executed and a 
displacement signal for calibration D 1 is output to the deviation 
detection means 45 (ST4). 

[0113] In the meantime, when a scan initiation signal S and 
a clock pulse C are input to the counting means 43, clock pulses 
are counted since the scan initiation signal S is input (ST5). 
This count pulse C is output to the deviation detection means 
45. 

[0114] The count pulse C is input to the deviation detection 
means 45 and is correlated with a displacement signal for 
calibration Dl every clock pulse C'l to C'n. That is, a 
displacement signal for calibration Dl of each irradiation point 
P is stored in a table the address of which corresponds to a count 
value in the correction value storage means 47 (ST6). In the 
correction value storage means 47, a displacement signal for 
calibration Dl of each irradiation point P is stored at each 
address. This displacement signal for calibration Dl has a 
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value equivalent to the above-mentioned deviation. 
[0115] In scanning radiated light, time when radiated light 
passes in each condenser lens 7a to 7f of the lens array 7 is 
preset based upon clock pulses C since a scan initiation signal S 
is input. 

[0116] Next, Fig. 18 is a flowchart showing the contents of 
processing in a measurement mode. First, the measuring 
object SOB to be measured is set on the measuring table 31 (ST7). 
Next, measurement by the apparatus for measuring 
displacement 1 is started. In both the above-mentioned 
calibration mode and the measurement mode, the operation of 
an optical system of the apparatus for measuring displacement 1 
is similar and the displacement operation means 41 executes the 
similar displacement operation processing. 

[0117] That is, light is radiated from the light source 3, the 
radiated light deflected by the deflector 4 is incident on the 
surface 30a of the measuring object 30B set on the measuring 
table 31 and an irradiation point P is linearly scanned (ST8). 
[0118] At this time, the scan initiation detection means 42 
outputs a scan initiation signal S to the counting means 43 
every time a scan by light radiated from the light source 3 is 
started. 

[0119] An irradiation point P by the deflection of radiated 
light is scanned on the surface 30a of the measuring object 30B. 
This radiated light is reflected on the surface 30a, is converged 
by the lens array 7, is further converged by the imaging lens 8 
and is imaged on the hght receiving plane of the light receiving 
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element 9 (ST9). In measuring, displacement acquired from 
the position of an image formation point K also includes an error 
caused by the lens array 7 (deviation measured on the surface 
30a of the reference object 30A). 

[0120] Figs. 19 show deviation caused due to the dispersion 
of positions where condenser lenses in the lens array are set and 
others. Fig. 19A shows the contour of the surface 30a of the 
measuring object 3 OB. 

[0121] Fig. 19B shows deviation caused by each condenser 
lens 7a to 7f of the lens array 7. As shown in Fig. 19B, the 
positions of image formation points K in the direction of 
displacement on the light receiving plane 9a of the light 
receiving element 9 are different every condenser lens 7a to 7f 
and displacement acquired from the position of an image 
formation point K includes predetermined deviation. 
[0122] Current signals A and B including this deviation are 
input from the electrodes provided at both ends of the light 
receiving element 9 to the displacement operation means 41, 
operation processing is executed and a displacement signal for 
measurement D2 is output to the deviation detection means 45 
(STIO). 

[0123] In the meantime, when a scan initiation signal S and 
a clock pulse C are input to the counting means 43, each clock 
pulse is counted since the scan initiation signal S is input (ST 11). 
This count pulse C is output to the deviation detection means 
45. 

[0124] The deviation detection means 45 acquires the 
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position of the currently scanned irradiation point P based upon 
clock pulses C'l to C'n included in the count pulse C and 
correlates it with a displacement signal for measurement D2 
(ST 12). In the correction value storage means 47, a 
displacement signal for calibration Dl (correction data E 
showing deviation) of each irradiation point P is stored at each 
address in the format of a table. 

[0125] The deviation detection means 45 reads correction 
data E stored at the same count value (address) as the count 
value C of a displacement signal for measurement D2 from the 
correction value storage means 47. The deviation detection 
means executes processing for subtracting the correction data E 
from the displacement signal for measurement D2 (ST13). 
[0126] Fig. 19C shows a displacement signal of the 

measuring object 30B after operation for correction. As shown 
in Fig. 19C, a displacement signal in which the deviation of the 
lens array 7 is solved can be output by operating for correction 
using the correction data E. 

[0127] As described above, the apparatus for measuring 
displacement according to the invention is useful for measuring 
the lift and bend of a lead of IC, measuring the height of a solder 
ball of EGA, measuring the height of cream solder printed on a 
printed wiring board and measuring the height of a bump on a 
silicon wafer. 
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What is claimed is^ 

1. Apparatus for measuring displacement that scans 
radiated light on the surface of a measuring object and measures 
the amount of displacement of the surface of the measuring 

5 object without contact based upon the detected position of an 
image formation point formed on a light receiving plane of a 
light receiving element, comprising: 

projecting means that scans radiated light on the 
surface of the measuring object to form an irradiation point; and 
10 light receiving means that receives measuring beams 

from the irradiation point on the light receiving plane of the 
light receiving element and forms an image formation point, 
wherein: 

the light receiving means comprises: 

15 a lens array which is composed of plural condenser 

lenses having a uniform image formation characteristic around 
the optical axis, in which the plural condenser lenses are 
arranged in a direction scanned by the radiated light and which 
converges the measuring beams; and 

2 0 an imaging lens that has a uniform image formation 

characteristic around the optical axis and converges the 
measuring beams to form the image formation point on the light 
receiving plane. 

2. Apparatus for measuring displacement according 
25 to Claim 1, wherein: 

the light receiving element is provided in a position 
apart by the focal length from the imaging lens. 
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3. Apparatus for measuring displacement according 
to Claim 1 or 2, wherein: 

each optical axis of the plural condenser lenses is 
mutually parallel; and 

the plural condenser lenses are arranged in parallel in a 
position apart by the focal length from the irradiation point in a 
line orthogonal to each optical axis and form the lens array. 

4. Apparatus for measuring displacement according 
to any of Claims 1 to 3, wherein: 

relationship in arrangement among the lens array, the 
imaging lens and the light receiving element is expressed by an 
expression 0 < (f2/fl) • t < w. 

However, w means the light receiving width parallel 
with the direction of a scan of the light receiving plane, t means 
the width parallel with the direction of a scan of each condenser 
lens, fl means the focal length of the condenser lens and f2 
means the focal length of the imaging lens. 

5. Apparatus for measuring displacement according 
to any of Claims 1 to 4, wherein: 

the projecting means makes the scanned radiated light 
vertically incident on the surface of the measuring object to form 
an irradiation point; and 

a pair of light receiving means are provided at equal 
distance from the irradiation point in symmetrical positions 
from the optical path plane of the scanned radiated light. 

6. Apparatus for measuring displacement according 
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to Claim 5, comprising: 

displacement operation means that operates and outputs 
a displacement signal of the surface of the measuring object 
based upon the position of the image formation point formed on 
each light receiving plane of the pair of light receiving elements. 

7. Apparatus for measuring displacement according 
to Claim 6, wherein: 

the displacement operation means comprises: 

two preadders that respectively add a pair of electric 
signals acquired from symmetrical positions from the optical 
path plane of the scanned radiated light after four electric 
signals acquired corresponding to an image formation position 
on each light receiving plane of the pair of hght receiving 
elements are respectively converted from current to voltage; 

an adder that adds each electric signal acquired in the 
preadders; 

a subtracter that subtracts an electric signal acquired in 
one of the preadders from an electric signal acquired in the 
other; and 

a divider that divides an electric signal acquired in the 
subtracter by an electric signal acquired in the adder. 

8. Apparatus for measuring displacement according 
to Claim 6, wherein: 

the displacement operation means comprises an adder 
and a subtracter in every light receiving means: 

said adder adding a pair of electric signals after the pair 
of electric signals acquired corresponding to an image formation 
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position on each light receiving plane of the light receiving 
element are respectively converted from current to voltage; and 

said subtracter subtracting one of the pair of electric 
signals from the other; 

an addition signal adder that adds addition signals 
acquired from each adder; 

a subtraction signal adder that adds subtraction signals 
acquired from each subtracter; and 

a divider that divides an electric signal acquired in the 
subtraction signal adder by an electric signal acquired in the 
addition signal adder. 

9. Apparatus for measuring displacement according 
to Claim 6, wherein: 

the displacement operation means comprises an adder, a 
subtracter and a divider in every light receiving means"- 

said adder adding a pair of electric signals after the pair 
of electric signals acquired corresponding to an image formation 
position on the light receiving plane of the hght receiving 
element are respectively converted from current to voltage; 

said subtracter subtracting one of the pair of electric 
signals from the other; and 

said divider dividing a subtraction signal acquired in the 
subtracter by an addition signal acquired in the adder; 

switching means that receives each displacement signal 
corresponding to a value divided in each divider and a 
displacement signal corresponding to the average value of the 
divided values so as to switchably output one of displacement 
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signal, 

level determination means that determines whether 
each addition signal meets a predetermined reference value or 
not; and 

selecting means that selectively outputs a suitable one of 
each displacement signal input to the switching means by 
switching based upon the result of determination in the level 
determination means. 

10. Apparatus for measuring displacement that scans 
radiated hght on the surface of a measuring object and measures 
the amount of displacement of the surface of the measuring 
object without contact based upon the detected position of an 
image formation point formed on the hght receiving plane of a 
light receiving element, comprising: 

projecting means that radiates light for scanning the 
surface of the measuring object and forming an irradiation 
point; 

light receiving means that receives measuring beams 
from the irradiation point on the hght receiving plane of the 
light receiving element and forms an image formation point, 
wherein: 

the light receiving means comprises: 

a lens array which is composed of plural condenser 
lenses having a uniform image formation characteristic around 
the optical axis, in which the plural condenser lenses are 
arranged in a direction scanned by the radiated light and which 
converges the measuring beams; and 
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an imaging lens that has a uniform image formation 
characteristic around the optical axis and converges the 
measuring beams to form the image formation point on the light 
receiving plane; 

5 displacement operation means that operates and outputs 

the amount of displacement of the surface of the measuring 
object based upon the position of the image formation point 
formed on the light receiving plane of the light receiving 
element; and 

10 processing means that detects the deviation of the image 

formation position caused because of the dispersion of the image 
formation positions of light passed in the lens array in plural 
locations in the direction of a scan, corrects and outputs the 
amount of displacement of the surface of the measuring object 
15 based upon the detected deviation. 

11. Apparatus for measuring displacement according 
to Claim 10, wherein^ 

the processing means comprises^ 

deviation detection means that detects the deviation of 
2 0 the image formation point using a reference object; 

correction value storage means that stores deviation 
detected by the deviation detection means as correction data; 
and 

displacement correction means that corrects and outputs 
25 the amount of displacement output from the displacement 
operation means based upon the correction data stored in the 
correction value storage means when the amount of 
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displacement of the surface of the measuring object is measured. 

12. Apparatus for measuring displacement according 
to Claim 11, comprising: 

scan initiation detection means that outputs a scan 
initiation signal every time the radiated light is scanned; and 

counting means that counts the current position scanned 
by radiated light based upon a scan initiation signal from the 
scan initiation detection means, wherein^ 

the deviation detection means correlates the detected 
deviation with the current position scanned by radiated light 
output from the counting means and stores in correction value 
storage means as correction data; and 

the displacement correction means reads correction data 
corresponding to the current position scanned by radiated light 
output from the counting means from the correction value 
storage means, corrects the amount of displacement output from 
the displacement operation means by the read correction data. 

13. Apparatus for measuring displacement that scans 
light radiated toward the surface of a measuring object and 
measures the amount of displacement of the surface of the 
measuring object without contact based upon the position of an 
image formation point formed on the light receiving plane of a 
light receiving element, comprising: 

projecting means that scans radiated light on the 
surface of the measuring object to form an irradiation point; 

light receiving means that receives measuring beams 
from the irradiation point on the light receiving plane of the 
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light receiving element and forms an image formation point, 
wherein: 

the light receiving means comprises : 

a lens array which is composed of plural condenser 
lenses having a uniform image formation characteristic around 
the optical axis, in which the plural condenser lenses are 
arranged in a direction scanned by the radiated light and which 
converges the measuring beams; and 

an imaging lens that has a uniform image formation 
characteristic around the optical axis and converges the 
measuring beams to form the image formation point on the light 
receiving plane; 

scan initiation detection means that detects a point at 
which a scan by hght is started on the surface of the measuring 
object; 

displacement operation means that operates and outputs 
the amount of displacement on the surface of the measuring 
object based upon the position of the image formation point 
formed on the hght receiving plane of the light receiving 
element; and 

processing means that corrects and outputs the amount 
of displacement based upon the deviation of the image formation 
position caused because of the dispersion of image formation 
positions by light passed in the lens array, wherein: 

the processing means has a calibration mode and a 
measurement mode; 

in the calibration mode, the deviation of image formation 
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position caused because of the dispersion of image formation 
positions by light passed in the lens array is detected in plural 
locations in the direction of a scan using a reference object; and 
in the measurement mode, the amount of displacement 
5 of the surface of the measuring object is respectively corrected in 
the plural location in the direction of a scan based upon the 
detected deviation and is output. 

14. A displacement measuring method of scanning an 
irradiation point formed by light radiated toward the surface of 

10 a measuring object, converging light from the irradiation point 
by a lens array which is composed of plural condenser lenses 
having a uniform image formation characteristic around the 
optical axis and in which the plural condenser lenses are 
arranged in the direction of a scan by the radiated light and 

L5 measuring the amount of displacement of the surface of the 
measuring object without contact based upon the deviation of an 
image formation position caused because of the dispersion of the 
positions of image formation points on the light receiving plane 
by forming an image formation point on the light receiving plane 

20 of a light receiving element, which comprises^ 

detecting the deviation of the image formation position 
on the light receiving plane of the light receiving element of each 
point in the direction of a scan of the surface of the measuring 
object by using a reference object beforehand! and 

25 respectively correcting the amount of displacement at 

each point in the direction of a scan acquired in measuring the 
measuring object based upon the detected deviation. 
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15. A displacement measuring method according to 

Claim 14, wherein- 
detecting a scan position of the radiated light by 

counting time since the scan is started; and 

using the detected scan position for detecting the 

deviation and for correction. 
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K-1992 

Declaration and Power of Attorney For Patent Application 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole Inventor (if only one name is listed below) or an original, first 
and joint inventor (If plural names are listed below) of the subject matter which is claimed and for which 
a patent is sought on the invention entitled: 

APPARATUS AND METHOD FOR MEASURING DISPLACEMENT 

the specification of which 
(check one) 

H is attached hereto. 

□ was filed on as United States Application No. or PCT International 

Application Number . 

and was amended on __■ 

(if applicable) 

I hereby state that 1 have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information 
known to me to be material to patentability as defined in Title 37, Code of Federal Regulations, Section 
1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 119(a)-(d) or 
Section 365(b) of any foreign applicatlon(s) for patent or inventor's certificate, or Section 365(a) of any 
PCT Internationa! application which designated at least one country other than the United States, listed 
below and have also identified below, by checking the box, any foreign application for patent or 
inventor's certificate or PCT International application having a filing date before that of the application 
on which priority is claimed. 

Prior Foreign Application(s) Priority Not Claimed 

□ 



(Number) 


(Country) 


(Day/MonthrsTear Filed) 


□ 


(Number) 


(Country) 


(Day/MonthA'ear Filed) 


□ 



(Number) (Country) (Day/MonthA'ear Filed) 
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I hereby claim the benefit under 35 U.S.C. Section 119(e) of any United States provisional 
appllcation(s) listed below: 



(Application Serial No.) (Filing Date) 



(Application Serial No.) (Filing Date) 



(Application Serial No.) (Filing Date) 



I hereby claim the benefit under 35 U.S.C. Section 120 of any United States application(s), or Section 
365(c) of any PCT International application designating the United States, listed below and, insofar 
as the subject matter of each of the claims of this application is not disclosed in the prior United States 
or PCT International application in the manner provided by the first paragraph of 35 U.S.C. Section 
112. I acknowledge the duty to disclose to the United States Patent and Trademark Office all 
information known to me to be material to patentability as defined in Title 37, C.F.R., Section 1.56 
which became available between the filing date of the prior application and the national or PCT 
International filing date of this application: 



PCT/JP99/00927 02/26/1999 Pending 

(Application Serial No.) (Filing Date) (Status) 

(patented, pending, abandoned) 



(Application Serial No.) (Filing Date) (Status) 

(patented, pending, abandoned) 



(Application Serial No.) (Filing Date) (Status) 

(patented, pending, abandoned) 



I hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made 
with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent issued thereon. 
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POWER OF ATTORNEY: As a named inventor, I liereby appoint tine following attorney(s) and/or 
agent(s) to prosecute this application and transact all business in ttie Patent and Trademark Office 
connected therewith. 

( Yusul<e Takeuchi Reg. Na30,S21. 

^^---^iJ) Manabu Kanesaka Reg JilSZll467 

Send Correspondence to: 

/ KANESAKA AND TAKEUCHI, 1423 Powhatan Street 
/ Alexandria, Virginia 22314 

Direct Telephone Calls to: 



Manabu Kanesaka at telephone number (703) 519-9785 



\4 


Full name of sole or first inventor 






r- 


Atsuro Tanuma 








Sole or first inventor's signature 


Date 




a; 


Residence 

Zama-shiVanagawa, Japan ^ N V X 




Citizenship 








Japanese 








Post Office Address 






0 


6-9-504, Komatsubara 1-chome, Zama-shi 
Kanagawa 228-0002, Japan 








Full name of second inventor 






Kouji Ohmori 








Second inventor's signature 


Date 






Residence 

Ashigarakami-gunXKanagawa, Japan <^^X 




Citizenstjip 








Japanese 








Post Office Address 








1554-1, Matsudasoryo, Matsuda-cho, Ashigarakami-gun, 
Kanagawa 258-0003, Japan 
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Full name of third inventor 






Kazuki Nagatsuka 






Third inventor's signature 




Date 







i-shi)l^anagawa, Japan 



Cltizenstiip 

Japanese 



Post Office Address 

1544-1, Onna, Atsugi-shi, Kanagawa 243-0032, Japan 



Full name of fourth inventor 

Eiji Tsujimur a 



Fourth inventor's signature 


Date 


Residence 




_Atsugi-shi\^anagawa, Japan 'f X 




Citizenship 




Japanese 




Post Office Address 




1544-1, Onna, Atsugi-shi, Kanagawa 243-0032, Japan, 





